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Abstract 
Jay walkers are exposed to higher risk while crossing the road due to lack of appropriate pedestrian warrants and standards. The 
pedestrian facilities and standards adopted in developed countries are not feasible in developing nation like India. Mid-block 
pedestrian crossing with different land uses as criteria was selected as case study inside Delhi Urban area. The PTV Vissim and 
PTV Viswalk, widely used micro simulation software used for modelling heterogeneous, non-lane behavior traffic and 
pedestrian-vehicular interaction. The inbuilt calibration parameters have been developed considering lane based and 
homogeneous traffic with less complex characteristics. Hence the calibration parameter for Indian traffic and pedestrian behavior 
was identified and modified with various combinations for the best representation in the simulation model. As a proposal suitable 
warrants are developed and simulated for the safe pedestrian movement. 
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1. Introduction 
The most prevalent mode of transportation is walking which is generally the start and end of each journey. 
Though pedestrians are encouraged to walk, but they do not find walking to be conductive either due to higher risk 
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with vehicular interaction or lack of pedestrian facilities and encroachment along the route which can be found in 
most of cities in India.  
According to the data published by TRIPP (Transport Research and Injury Prevention Programme) 15% of RTI 
(Road Traffic Injuries) death in the country occurred in cities with a population more than a million. As per 2011 
census 2.5% of cites are million plus cities in India. It is also revealed that half of the road casualties (death and 
injuries) are pedestrian and cyclist in million plus cities. In 2013 Delhi alone accounts for 1831 fatalities from 7569 
road accidents case. Out of these, pedestrian (44%) and cyclist (6%) both accounts for 50% in total road accident as 
against the accidents of 9% and 5% respectively at national level.  
There is a need to understand the pedestrian crossing behavior in developing countries to have a suitable strategy 
for pedestrian facilities. The Indian Road Congress (IRC-103-1988, 2012) pedestrian guideline highlights only the 
relationship of PV^2 (Peak Hour Pedestrian Volume and Vehicular Volume) subject to the conditions, if greater than 
1x10^8 and 2x10^8 for undivided and divided carriageway1. But it does not mention about the different warrant 
provisions. Many researchers have suggested for pedestrian crossing by engineering guidelines. The model which 
was developed in the early stage does not demonstrate microscopic details. In order to overcome the problem, micro 
simulation software is used for finding out the suitable control measure for pedestrian crossing at Mid-block.  
2. Warrants in Developed Countries 
2.1. The United States of America 
As per Highway Capacity Manual (HCM 2000) pedestrian crossing is considered when the pedestrian volume 
crossing the major street at an intersection or midblock location during an average day is 100 or more for each of 
any 4 hours or 190 or more during any 1 hour2. This gives the provision of crossing but does not specify the type of 
pedestrian crossing. 
2.2. Warwickshire,UK 
In Warwickshire, a PV^2 value considering the weights of pedestrian age type, vehicle type, waiting time, width 
of road, speed limit and accident record is used to justify pedestrian crossing, suggesting that the value of PV^2 
greater than 0.4x10^8, 0.6x10^8, 0.9x10^8 justifies a refuge, a Zebra crossing and a signalized crossing 
respectively3. 
3. Study Area 
Delhi officially the National Capital Territory of Delhi (NCT), is the largest metropolis by area and the second 
largest metropolis by population in India. The case study selected for this study was located in The National Capital 
Territory of India. Both the locations were characterized by two different land uses. The location- 1(Saket) which 
was located in one of the major arterial road of Delhi and the surrounding landuse was mixed development. The 
location-2 (Connaught Place) was one of the largest financial, commercial and business centers in New Delhi 
located on arterial road and the surrounding land use characterized by full scale commercial activities.  
3.1. Site Observation 
At location-1 the pedestrian peak hour was observed at 0830-0930 with a total flow of 1214 pedestrian crossing 
from both the direction. During the same time period a total of 9410 PCU was observed on both the direction. The 
most frequent vehicle type at the site was cars, followed by two-wheelers.   
Since the location-2 was located at commercial place, the late peak was observed at 1230-1330 with the total 
flow of 1932 pedestrian on both the direction and 4890 PCU as peak vehicular flow. The car and two-wheeler was 
found to be more predominant modes. 
Further in a research pedestrian crossing speed of 0.95m/s was observed4. The pedestrian crossing speed was 
influenced by number of traffic lanes, traffic volume, landuse and movement in group5. The pedestrian behavior 
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patterns like pedestrian speed, pedestrian waiting time, critical gap etc are analyzed from the captured video. The 
gap size, vehicle speed, waiting time was strongly correlated with gap accepting behavior6. The 85th percentile speed 
of the pedestrian was observed as 1.82m/s and 1.95 m/s at location-1 and location-2 respectively. The average 
waiting time of the pedestrian to cross the road at location- 1 and location-2 was observed as 25seconds and 
28seconds respectively.  
4. Level of Service and Warrant Development 
4.1. Level of Service 
The level of service was derived by rating difficulty in six-point scale after asking participants to observe the 
mid-block crossing for 3-minutes7. A utility value was used to calculate pedestrian level of crossing at mid-block 
crossing8,9. A commonly used non-hierarchical clustering method K-means clustering technique was used in this 
study. The level of service from the clustering technique was identified as 5 different random intervals and it was 
corrected to the clean interval with respect to multiple of 5 by rounding it to the nearest interval. The Table below 
shows the proposed level of service which varies from less than 5seconds to more than 75seconds for the LOS A to 
LOS F respectively.  
     Table 1. Proposed Level of Service. 
Level of Service Delay(Sec) 
A <5 
B >5--<10 
C >10--<30 
D >30--<55 
E >55--<75 
F >75 
4.2. Warrant Development 
The warrants for the pedestrian facilities were developed with respect to level of service which was developed 
using k-means clustering technique. The graph was plotted between hourly pedestrian flow and hourly vehicular 
flow with respect to different level of service. A graph plotted was grouped into three categories to derive the 
different warrants for pedestrian facilities. The warrants like zebra crossing, signalized and grade separator were 
provided for level of service A to F. The Table below shows the proposed pedestrian warrants. 
     Table 2. Proposed Pedestrian Warrants. 
Level of Service Delay (Sec) Type of Crossing 
A <5 Zebra Crossing 
B >5--<10 
Zebra & Signalized C >10--<30 
D >30--<55 
E >55--<75 
Grade Separator 
F >75 
5. Simulation Approach 
Vissim found to be more accurate for pedestrian simulation after assessing the various simulation model10. The 
mean speed of pedestrian increased by 8% -10% using car-following model and also suggested to adapt driver 
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noncompliance parameter for urban traffic11. An unsignalized situation was used to analyses system performance 
under different combination of vehicular and pedestrian interaction12. Micro-simulation is a useful supplementary 
tool for such evaluation and comparison studies for its cost effectiveness and non-intrusiveness. PVISIM 
(Pedestrian-Vehicle Interaction SIMulation) is a microscopic, time step behaviour-based model.  
5.1. Vehicle Driving Behavior Parameter 
The default driving behavior provided inside PTV Vissim will be applicable only for the less complex and lane 
based traffic so, calibration parameter were identified and sensitivity analysis were conducted with flow being the 
measure of sensitivity. A pair of car parameters was considered and a two-way ANOVA was carried to check the 
significance of the parameters. Each parameter is optimized by considering lower and upper bound individually. The 
Table below shows the default and calibrated parameter for this study.  
     Table 3. Calibrated Vehicular Parameter. 
Vehicular Parameters Default Calibrated 
Average Standstill Distance (m) 2.00 0.12 
Additive part of Safety Distance (m) 2.00 0.30 
Multiplic part of safety distance (m) 3.00 0.80 
Minimum headway (front/rear) (m) 0.50 0.25 
Safety distance reduction factor  0.60 0.45 
Minimum lateral distance (m) at 0 km/h 1.00 0.15 
Minimum lateral distance (m) at 50 km/h 1.00 0.75 
5.2. Pedestrian Walking Behavior Parameter 
Pedestrian movements are based on social force model. Social force model was applied to simulate the 
pedestrian’s motion in Vissim. The condition in India is different compared to developed countries particularly at 
uncontrolled intersection with the presence of jay walker.  
The calibration parameter for pedestrian behavior was identified and sensitivity analyses were carried considering 
the speed and behavior of pedestrian with flow as a measure of sensitivity. The multiple parameters are compared 
and a two-way ANOVA test was carrier for identifying significant parameters. The Table below shows the 
calibrated parameter for the pedestrian behavior.  
     Table 4. Calibrated Pedestrian Parameter. 
Pedestrian Parameters Default Calibrated 
Grid Size (m) 5.00 1.00 
Queue Order 0.70 0.50 
Queue Straightness 0.60 0.40 
Tau 0.40 0.10 
Reach to N 8.00 3.00 
A Social 2.72 4.20 
B Social 0.20 0.40 
Side Preference None Left 
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5.3. Model Validation 
The model was compared with the observed data and converged parameter results from the multiple run. It is 
important to validate the result from the different data set captured on different day to check the level of 
convergence from the original data set. The simulated model clearly shows the aggressive effect of pedestrian 
crossing the road against the vehicular traffic. The rolling effect plays the major role in crossing the road. 
The pedestrian flow, pedestrian platoon size and pedestrian waiting time are used as validation parameter. The 
GEH values for observed and simulated data during peak hour was observed as less than 5 which shows that model 
was significant. The observed and simulated error percentage was observed as less than 10%. 
6. Conclusion 
The level of service and warrants developed from this study differs significantly from the developed countries. 
The study highlights that pedestrian traffic exhibits more patience in terms of waiting time to cross the road as 
compared to developed countries. The sensitivity analysis for multiple parameters for both vehicle and pedestrian 
was found to be an effective way to determine the significant level of the model. The flexibility inside PTV VISSIM 
helps to determine the optimized parameter for the mixed traffic conditions. The optimized calibrated parameter 
shows both lateral and longitudinal space found to be very low for the heterogeneous and non-lane based traffic 
condition which reflects mixed traffic condition. The parameter for the mixed traffic is very limited inside micro 
simulation tool and hence inclusion of more parameter will result in different optimization result. The different set 
of pedestrian and vehicular conflicting parameter has to be included for the betterment of the model accuracy. 
The study can be further carried out at different conflicting situation for pedestrian and vehicles. The 
methodology and criteria defined can be modified with respect to the surrounding landuse and behavior of 
pedestrian and vehicular traffic. 
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